Summary
A D-xylose absorption test has been standardized for use in newborn mice. It was used to measure small intestine dysfunction in neonate mice following infection with various isolates of rotaviruses.
A xylose dose of 1 mgig body weight was required to produce a maximum level of 100 &lOO ~1 of plasma 2 h after administration of D-xylose. The mice inoculated with rotavirus absorbed significantly less o-xylose compared with uninoculated control mice. A micromethod is described which proved to be suitable to quantitate D-xylose for determination of absorptive function of the small intestine in small animals such as newborn mice. (Hill et al., 1970) . horses (Brcukink et al., 1974; Roberts, 1974 : Boiton et al., 1976 Meuten et al.. 1978; Jacobs et al., 1982) . cattle (Pearson and Baldwin, 1981) , cats (Emms et al.. 1983) , fowl (Goodwin ct al., 1984; Yason and Schat, 1986) , rats and mice (Henegham, 1963) . However, its use in virus infections has been limited to children, calves and birds suffering from rotavirus associated diarrhea (Mavromichalis et al., 1977 : Woode et al. 1 1978 Yason and Schat, 1986) . Since a mouse model is being used extensively to study the pathogenesis and prevention of rota~~irus-induced diarrhea. it was advantageous to evaluate this test in neonate mice. We have modified a D-xytose absorption test (Eberts et ai.. 1979) to study the extent of malabsorption through intestine in neonate mice infected with various isolates of rotaviruses.
Three groups of mice (5 per group) 7 days old were selected for D-xylose (Sigma, St. Louis, MO, U.S.A.) absorption studies. Group 1 acted as control whereas group 2 and 3 received bovine rotavirus (BRV) and mouse rotavirus (MRV), rcspectively. The procedure for the preparation of BRV and MRV stocks used in the challenge have been described previously (Ijaz et al., unpublished data) . Control groups were given only xylose in double distilled water. The preparations were administered by intubation of the stomach with a soft flexible plastic feeding tube. Twenty-four hours after infection a 5% w/v solution of D-xyfose (100 $/mouse) in deionized water was administered by the feeding tube. Two hours after adminis- tration of D-xyfose, the animals were killed and blood samptes from each were collected using heparinized hem&o&t tubes which were centrifuged to yield plasma. For determination of plasma n-xylose concentration a modified micromethod, as reported by Eberts et al. (1979) was used. One ml of phloroglucinol (1,3,5-trihydroxybenzene, Sigma Chemical Co., St. Louis, MO) reagent (0.5 g of phloroglucinol, 100 ml of glacial acetic acid and 100 ml of conc.HCI) was added to 10 ~1 of plasma. This solution was heated to 100°C in a water bath for 4 min to aliow optimum calor development. After equilibration to room temperature, sample absorption was determined with the aid of a spectrophotometer (Ultraspec, LKB Biochem Ltd., Cambridge, U.K.) set at a wavelength of 554 nm.
The kinetics of D-xylose absorption in normal newborn mice is presented in Fig.  1 . As indicated in the figure, maximum absorption of n-xylose takes place 2 h after administration of n-xylose. Therefore, the sampling time chosen to collect blood samples in subsequent experiments was 2 h past-administration. Fig. 2 shows results of intestinal u-xylose absorption experiments with normal and rotavirus-inoculated neonates. In all cases, rotavirus-inoculated mice had lower mean plasma D-xylose concentrations.
Within the two virus inoculated groups the one inoculated with the more virulent virus, revealed the least absorption of D-xyiose. None of the control mice receiving n-xylose alone developed alimentary discomfort or diarrhea.
It has been shawn experimentally, in gnotobiatic calves, pigs and mice infected with rotavirus that the histopathology of atrophy of the villi in the small intestine is similar to that seen following natural infection (Babiuk et al. 198.5) . Therefore, this test has been regarded as an indirect measure of the loss of these cells (Woode Fig. 2 . Comparison of plasma D-xyhe concentration between control and rotavirus-inoculated mice. Animals were inoculated with either bovine or mouse rotevirus whereas controls received &I,0 (five mice were included for each treatment).
Twenty-four hours after virus-inoculation they were given Dxylose (100 ~1 of 5% w/v solution of D-XyiOSe). Two hours after administration of sylose they were sacrificed by decapitation and their blood was collected using heparinized hematocrit-tubes. Plasma was collected by centrifugation of the blood-filled hematocrit tubes and assayed for D-xylose concentration as described in the text. et al.. 1978) . Based on this fact the results of this study indicate that more damage is done by MRV than by BRV in the mouse model used. Earlier experiments carried out also revealed MRV to be more virulent than BRV in this model (M.K. Ijaz, et al.. in preparation) .
At necropsy. neonates infected with rotavirus had frothy fluid in the large intestine. which may be a direct consequence of damage to the epithelial cells of the small intestine.
Damaged cells may be reptaced by immature cells unable to pmvide the enzymes needed for the final digestion and absorption of carbohydrates and sugars, as suggested by the a-xylose test. unabsorbed nutrients maq: undergo bacterial fermentation in the intestine. producing ~~srnoticall~ active metabolites. These products may then cause the ~uid-~lled distension of the large intestine by osmosis (Abrams et al., 196.1; Abrams and Bishop. 1967) .
D-xylose is absorbed mainly by passive diffusion from the small intestine (Roe and Rice. 1948) . It may also be absorbed to a lesser extent by the active transport system that is responsible for absorbing glucose and galactose. Since active transport has a preference for glucose. xylose is absorbed at a much slower rate (Meuten et al.. 1978) . Thus. the presence of glucose in the lumen of the small intestine will inhibit the absorption of xylose by active transport, but not affect passive absorption. Therefore. before conducting D-xylose test. animals must be fasted at least I2 h prior to ~~dministrati~?n of o-xylose.
Xylosc, being a pentose sugar. is partly transported actively like glucose, and therefore appears to be a reliable indicator of maIabsorption in the proximal small intestine (Eberts et al., 1979) . The results obtained by this micromethod are comparable to the one obtained by high-performance liquid-chromatographic separation technique (Eberts et al.. 1979) . The most obvious advantage of this method is the small plasma sample size (SO ~1) and the short incubation time (4 min) required. This study modified the procedure further to reduce the required plasma sample to 10 ~1. allowing quantitation of intestinal n-xylosc absorption in cxtremely young and small animals such as newborn mice.
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